The circular dichroism (CD) activity of the lactone and enone groups are displayed below 250 nm. The asymmetrically perturbed n→π * transitions of the 9-, 26-, and 32-ones give rise to a negative CD band centered around 300 nm (Fig. 1) . 12 The weak, π→π * of origin contribution of the triene moiety is suppressed by the more intense carbonyl Cotton effects (CEs) and can only be seen as unresolved vibrational peaks on the short-wavelength side of the n→π * feature. 12 The presence of the AAG in the sample solution, however, deeply alters this chiroptical profile amplifying the CD amplitudes in the absorption region of the triene chromophore (Fig. 1) . The molar dichroic absorption coefficient (∆ε) measured in protein-free buffer solution at 275 nm increases by ten-fold and the anisotropy factor (g = ∆ε/ε) between 260-280 nm raises also by an order of magnitude (~10 -4 → ~10 -3 ). Concomitantly, the g max value of the n→π * CE is bathochromically shifted by 5 nm (Fig. 2) . The excitation energy of n→π * transition of the carbonyl chromophore sensitively depends on the polarity of the medium. The binding of sirolimus to its the pharmacological target protein named FKBP is also accompanied with some modest CD and UV spectroscopic changes that refer to a more planar and rigid conformation of the triene moiety adopted at the binding site.
α 1 -Acid glycoprotein (AAG), also named orosomucoid, is an abundant acute phase component of the human plasma, the exact biological function of which remains to be elucidated. 1, 2 Its anti-inflammatory and immunosuppressive activity are well documented including the inhibition of neutrophil activation, lymphocyte proliferation, platelet aggregation and a variety of other immune functions. 3, 4 As a member of the lipocalin family, the single polypeptide chain of AAG folds into a β-barrel structure enclosing a wide, central cavity where a broad array of organic compounds can be bound. 5, 6 Macrolide antibiotics are typical AAG binding agents [7] [8] [9] possessing a large macrocycle which is reminiscent to that of the potent immunosuppressive drug sirolimus (rapamycin). Sirolimus is a chiral, multichromophoric antifungal compound of bacterial origin consisting of triene, lactone, lactol, enone, and ketone moieties (Scheme 1). 10, 11 The circular dichroism (CD) activity of the lactone and enone groups are displayed below 250 nm. The asymmetrically perturbed n→π * transitions of the 9-, 26-, and 32-ones give rise to a negative CD band centered around 300 nm (Fig. 1) . 12 The weak, π→π * of origin contribution of the triene moiety is suppressed by the more intense carbonyl Cotton effects (CEs) and can only be seen as unresolved vibrational peaks on the short-wavelength side of the n→π * feature. 12 The presence of the AAG in the sample solution, however, deeply alters this chiroptical profile amplifying the CD amplitudes in the absorption region of the triene chromophore (Fig. 1) . The molar dichroic absorption coefficient (∆ε) measured in protein-free buffer solution at 275 nm increases by ten-fold and the anisotropy factor (g = ∆ε/ε) between 260-280 nm raises also by an order of magnitude (~10 -4 → ~10 -3 ). Concomitantly, the g max value of the n→π * CE is bathochromically shifted by 5 nm (Fig. 2) . The excitation energy of n→π * transition of the carbonyl chromophore sensitively depends on the polarity of the medium. 13, 14 The decrease of solvent polarity shifts it to longer wavelengths and vice versa. The blue shift exhibited in polar solvents is ascribed chiefly to hydrogen bonding between the >C=O group and the The binding of sirolimus to its the pharmacological target protein named FKBP is also accompanied with some modest CD and UV spectroscopic changes that refer to a more planar and rigid conformation of the triene moiety adopted at the binding site. 12 It is to be noted that the related immunosuppressive drug tacrolimus lacks the triene component. Despite of its AAG association, 17 the intrinsic n→π * CE of tacrolimus shows no alteration in protein solution (Fig. S1, ESI) pointing out the importance of the triene chromophore in the CD spectroscopic detection of the binding interaction.
Commercial AAG samples prepared from normal pooled serum consist of two main genetic variants called F1/S and A in a ratio of 70:30. 18, 19 Due to sequence alterations (22 residues), the drug binding cavity of the variants differs from each other. 6 The wide, crevice-like pocket of the F1/S form is divided into three sub-chambers while the narrower cavity of the A variant consists only of two ones that accounts for their well documented distinct ligand binding properties. [20] [21] [22] Therefore, the interaction of sirolimus with the separated genetic variants of AAG has also been studied. The F1/S variant induced very similar CD changes and UV shift as seen with the native sample (Fig. 3) . In marked contrast, the A form caused a much smaller intensity gain of the π→π * CE and only a minor red shift of the absorption maxima. Overall, it is shown for the first time that the conformational chirality of the triene chromophore allows the chiroptical sensing and evaluation of sirolimus-AAG interactions providing a basis to use this methodology for studying related compounds, too (e.g., temsirolimus, everolimus, ridaforolimus). 
Materials and methods

Materials
Native AAG (Sigma, cat# G9885, lot# 018K7535), sirolimus (LC Laboratories, cat# R-5000, lot# ASW-112), and tacrolimus (LC Laboratories, cat# F-4900, lot# ATH-109) were used as supplied. The F1/S and A genetic variants of AAG were separated following the method of
Hervé et al. 1 as described previously. 2 The molar ratio of the F1/S:A genetic variants in the commercial native AAG mixture was 75:25.
Preparation of drug and AAG solutions
Stock solutions of sirolimus and tacrolimus were prepared freshly in HPLC grade ethanol.
The volume of ethanol added into AAG solutions never exceeded 3% (v/v) and caused negligible effects on the protein CD spectrum. AAG was dissolved in physiological Ringer buffer, pH 7.4 (8.1 mM Na2HPO4·12H2O, 1.5 mM KH2PO4, 137 mM NaCl, 2.7 mM KCl, 0.8 mM CaCl2, 1.1 mM MgCl2). AAG concentration was calculated for a molecular mass of 40,000.
Circular dichroism and UV absorption spectroscopic measurements
CD and UV absorption spectra were recorded on a JASCO J-715 spectropolarimeter at 25 ± 0.2 °C in a rectangular quartz cell of 1 cm optical path length (Hellma, USA). 
